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Considering the efficiency of steroidal anti-inflammatory drugs (SAIDs) in the immu- 
nomodulation of breeding-induced endometritis and the possibility of using these drugs 
by intrauterine route instead of the parenteral application, the present study aimed at 
evaluating the effect of SAIDs added to the semen extender on equine sperm viability and 
fertility. In experiment 1, 15 SAIDs were individually added to a skim milk-based extender 
and, based on the results of sperm motility, dexamethasone was the drug of choice for 
the subsequent trials. The effect of dexamethasone on the viability of fresh and 24-hour 
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Semen cooled semen was investigated in experiment 2. In experiment 3, fertility rate was 
Embryo recovery measured in both post-breeding endometritis-resistant and susceptible mares. Although 
Dexamethasone dexamethasone supplementation caused a premature decrease in sperm total and 


progressive motility and in sperm velocities (P < .05), no difference was observed for 
sperm membrane integrities and fertility (P > .05). Based on these results, we can 
conclude that dexamethasone can be added to equine semen at the time of insemination 
or before cooling, although its use was not able to increase fertility. 

© 2012 Elsevier Inc. Open access under the Elsevier QA license 


Endometritis 








1. Introduction 


The uterus is capable of responding to an antigen with the 
release of chemotactic factors, which leads to a rapid migra- 
tion of polymorphonuclear neutrophils into the uterine 
lumen [1-3]. This process is characterized by the presence 
of cellular response and is mediated by activation of the 
complement cascade [4-6]. Thus, the contact of equine semen 
with endometrium causes an inflammatory reaction in mares 
because of the presence of sperm cells inside the uterus [4,7]. 
It is noteworthy that this breeding-induced inflammation 
is a normal process by which sperm excess and bacterial 
contamination are eliminated from the uterus [8,9]. 
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The use of ecbolic drugs associated with uterine flushing 
is the most common treatment of mares presenting with 
fluid accumulation after artificial insemination (AI). 
Recently, systemic corticosteroid treatment was able to 
minimize uterine inflammatory response and to improve 
pregnancy rates in mares with breeding-induced endo- 
metritis [10,11]. 

Considering that the parenteral application of steroidal 
anti-inflammatory drugs (SAIDs) was successful in mini- 
mizing uterine fluid accumulation [10,11], perhaps its 
intrauterine use could reduce the inflammatory reaction 
leading to an increase in the fertility rates of susceptible 
mares, and therefore avoiding the side effects of systemic 
administration. Thereby, we investigated the effect of 
several SAIDs, added to skim milk-based extender, on sperm 
motility and, afterward, one was chosen based on the 
motility results and was used to evaluate sperm viability and 
fertility in a subsequent trial. 
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Table 1 
Values of dose, pH, and osmolarity for equine skim milk-based extender 
supplemented with one steroidal anti-inflammatory drug 


Steroidal Anti-inflammatory Drugs Dose? pH Osmolarity” 
Acetate 9-alpha-prednisolone 40 6.77 384 
Betamethasone acetate 1 6.63 354 
Betamethasone acetate and 1 6.76 356 
phosphate disodium 
Betamethasone dipropionate 1 6.77 382 
Betamethasone dipropionate and 1 6.77 364 
phosphate 
Betamethasone dipropionate and 1 6.87 381 
phosphate disodium 
Betamethasone phosphate 1 6.70 364 
Betamethasone phosphate dissodium 1 6.73 374 
Dexamethasone 2 6.87 351 
Hidrocortisone sodium succinate 100 6.95 380 
Hidrocortisone succinate 100 6.88 384 
Metilprednisolone acetate 40 6.83 387 
Metilprednisolone succinate sodium 40 6.71 379 
Prednisolone phosphate disodium 40 6.81 392 
Triamcinolone acetonide 20 6.71 380 


*Milligrams diluted in 30 mL. 
bmOsm/Kg H20. 


2. Material and Methods 


2.1. Experiment 1: Eeffect of SAIDs on Semen Extender 
Properties and Sperm Motility 


Fifteen SAIDs were individually diluted in skim milk- 
based extender (Botu-Semen, Botupharma, Botucatu, São 
Paulo, Brazil) using different concentrations for each drug 
(Table 1). Several doses were tested to guarantee minimal 
harm to sperm quality. After homogenization, pH (pH- 
metro B374, Micronal S.A., São Paulo, Brazil) and osmolarity 
(Osmette A, Precision System Inc. Natick, MA) were 
measured for each extender-SAID solution. 

The sperm samples from five stallions of different 
breeds and known fertility rates were collected four times 
using an artificial vagina (Botupharma, Botucatu, Brazil), 
resulting in 20 ejaculates. Sperm samples were diluted 1:1 
using skim milk-based extender without SAIDs, and sperm 
concentration was measured by Neubauer chamber. The 
ruled area of the hemocytometer consists of several, large, 
1 x 1 mm (1 mm?) squares. These are subdivided in 3 ways; 
0.25 x 0.25 mm (0.0625 mm?), 0.25 x 0.20 mm (0.05 mm?) 
and 0.20 x 0.20 mm (0.04 mm”). The central, 0.20 x 0.20 
mm marked, 1 x 1 mm square is further subdivided into 
0.05 x 0.05 mm (0.0025 mm?) squares. The raised edges of 
the hemocytometer hold the coverslip 0.1 mm off the 
marked grid. This gives each square a defined volume. 
Later, sperm motility was assessed by computer-assisted 
sperm analysis (CASA) (HTM—IVOS 12; Hamilton Thorne 
Research, Beverly, MA) using equine setup (30 frames 
acquired at 60 frames per second; minimum contrast: 60, 
minimum cell size: 3 pixels; average path velocity cut-off: 
30 um/s, and average path velocity (VAP) cutoff for 
progressive cells: 70 m/s and straightness [STR]: 80%; VSL 
cutoff: 20 m/s). Five equal aliquots containing 800 x 10° 
motile sperm were diluted with skim milk-based extender 
without SAIDs to a volume of 15 mL. All aliquots were 
rediluted using 15 mL of either the extender with no 
supplementation (control group) or the extender that was 


previously supplemented (treatment groups) with one of 
the 15 SAIDs randomly selected, reaching a final volume of 
30 mL. Each SAID was tested five times, one trial for each 
stallion. All samples were incubated in a dry block at 37°C 
for 2 hours. Complete CASA analyses for all sperm param- 
eters were performed at 0, 30, 60, and 120 minutes after 
dilution. 

All 15 SAIDs used in this study, with the exception of 
dexamethasone, led to a pronounced motility loss. Samples 
were found to have <10% total motility. Based on the 
results obtained from experiment 1, dexamethasone was 
chosen for the test of sperm viability (experiment 2) and 
fertility (experiment 3), as it had better in vitro interaction 
with the sperm cells when compared with the other SAIDs. 


2.2. Experiment 2: Effect of Dexamethasone on Sperm 
Viability Before and After 24-Hour Cooling 


The sperm samples from four stallions of different 
breeds and known fertility rates were collected twice (n = 8 
ejaculates), and semen was prepared as previously 
described in experiment 1. In brief, sperm samples were 
diluted (1:1) with skim milk-based extender, and sperm 
concentration and total motility (CASA) were measured. 

Two aliquots with 800 x 10° motile sperm each were 
diluted using skim milk-based extender to 15 mL; they were 
then further diluted with 15 mL of the same extender with 
no supplementation (control) or supplemented (treatment) 
with 2 mg of dexamethasone (Genéricos Hipolabor Farm- 
acéutica, Sabará, Brazil), resulting in a final concentration of 
0.067 mg/mL. Both samples were divided in two equal 
portions: one was cooled at 5°C for 24 hours in an equine 
semen transport box (Botutainer, Botupharma), and its 
counterpart was incubated in a dry block at 37°C for 2 hours. 

Sperm analyses were performed at 0, 30, 60, and 120 
minutes after dilution and after a 24-hour cooling period 
and consisted of sperm motility (CASA), plasma membrane 
integrity (PMI), acrosomal membrane integrity (AMI), and 
mitochondrial membrane potential (MMP) assessment. For 
the analysis of PMI, AMI, and MMP, a combination of the 
following three fluorescent probes was used: propidium 
iodide (0.8 uL; 500 pg/mL; 28,707-5; Sigma-Aldrich, St. 
Louis, MO), fluorescein isothiocyanate—Pisum sativum 
agglutinin (FITC-PSA) (20 uL; 100 pg/mL; L-0770; Sigma- 
Aldrich, St. Louis, MO), and 5,5’,6,6’-tetrachloro-1,1’3,3’- 
tetraethylbenzimidazolcarbocyanine iodide (JC-1) (2.5 uL; 
76.5 uM; T3168; Molecular Probes, Eugene, OR) [12], 
respectively, and 200 cells per sample were counted using 
epifluorescence microscopy (NIKON, Episcopic Fluores- 
cence Attachment “EFA” HalogenLamp Set Kogaki, K, Japan). 


2.3. Experiment 3: Effect of Dexamethasone on Embryo 
Recovery 


Mares previously classified as susceptible to post- 
breeding endometritis (14-18 years old, n = 15) may have 
exhibited structural changes in the reproductive tract, such 
as ventral position of the uterus, endometrial cysts, cervix 
with adhesions and fibrosis, and poor perineal conforma- 
tion. They also presented with repeated uterine fluid 
accumulation at 48 hours after mating and had low fertility 
rate. These mares, along with mares classified as resistant 
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Table 2 


Mean values and standard deviation for sperm motion parameters at 0, 30, 60, and 120 minutes after dilution in an extender supplemented with 


dexamethasone (D) and nonsupplemented (C) 


Parameters Group Moment 
0 
TM C 75.7 4 8.8 
D 69.2 + 8.1 
PM C 36.0 + 3.4 
D 33.2 + 8.4 
VAP € 1337 273 
D 114.0 + 9.8 
VSL C 992 F95 
D 88.5 + 10.5 
VCL C 244.2 + 8.3 
D 2222559 
RAP C 59.4 + 3.2 
D 45.0424 





30 60 120 
76.5 + 8.3 72.5 + 6.1 63.7 + 11.7 
61.0 + 13.5 59.0 + 12.0° 42.0 + 20.1 
40.0 + 13.4 41.7 412.5 32.0 + 14.3 
30.5 + 17.7 29.7 + 9.0° 17.2 + 14.2 
124.5 + 9.5 112.5 + 8.5 90.0 + 8.4 
72.2 + 12.9" 96.2 + 4.5" 75.0 + 8.1 
97.5 + 12.5 90.7 + 7.6 74.7 +71 
77.7 + 10.4" 77.0 +34 63.5 + 10.3 
22512793 209.2 + 11.3 172.7 + 15.1 
191.0 + 15.1" 193.7 + 11.8" 157.5 + 6.9 
58.0 + 4.4 50.8 + 6.5 34.2 + 6.1 
38.0 +48 37.0+5.4 28.2 + 7.3 











TM, total motility; PM, progressive motility; VAP, average path velocity; VSL, straight line velocity; VCL, curvilinear velocity. 
* Statistical difference when compared dexamethasone with control group within specific parameter. 
Means + S.D. Within rows, means with superscript symbol are significantly different between groups in the same moment (P < .05). 





to postbreeding endometritis (4-8 years old, n = 15, 
showing normal fertility and no fluid accumulation at 24 
hours after mating), were inseminated. Bacterial cultures 
were collected immediately before the start of the experi- 
ment, and both groups showed negative results the edition 
didn’t change the original significance. 

All mares were used in two consecutive estrous cycles: 
first, for the control group (nonsupplemented semen) and 
second, for the treated group (dexamethasone-supple- 
mented semen). On the detection of a follicle (>35 mm 
diameter) and uterine edema, ovulation was induced using 
1-mg intramuscular deslorelin (Botupharma, Botucatu, 
Brazil). Insemination was performed, 24 hours after 
induction, only once per estrous cycle with a total of 1 x 10° 
total spermatozoa, approximately 800 x 10° motile sper- 
matozoa diluted in skim milk-based extender. Eight days 
after ovulation, embryos were recovered by uterine flush- 
ing using a method adapted from the study by Foss [13]. 


2.4. Statistical Analysis 


The same analyses were used for both experiments. 
Results obtained for sperm motility patterns, PMI, AMI, and 
MMP were compared between control and dexamethasone 
groups before and after the cooling period using analysis of 
variance and Tukey test, with level of significance set at 
P < .05. The influence of dexamethasone supplementation 
on embryo recovery rate in resistant and susceptible mares 
was verified using the Fisher exact test. 


3. Results 
3.1. Experiment 1 


The initial pH and osmolarity of the nonsupplemented 
skim milk-based extender, used as control, were 6.8 and 
368 mOsm, respectively. Values for skim milk-based 
extender pH and osmolarity after adding one of the 15 
SAIDs are presented in Table 1. All 15 SAIDs used in this 
study, with the exception of dexamethasone, led to 
a pronounced motility loss, <10% total motility, within 
30 minutes of incubation at 37°C. Moreover, during 2 hours 
of incubation, samples supplemented with dexamethasone 


exhibited no statistical difference compared with the 
control group. 


3.2. Experiment 2 


Compared with the control group, the sperm sample 
supplemented with dexamethasone showed lower (P <.05) 
sperm velocities when assessed at 30 minutes of incuba- 
tion. Likewise, after 60 minutes of incubation, the addition 
of dexamethasone caused a decrease (P < .05) in total and 
progressive motility, sperm velocities, and percentage of 
rapid sperm. However, within 120 minutes of incubation, 
no difference was observed between dexamethasone- 
supplemented group and control group (Table 2). For 
plasma membrane and AMI and MMP, no difference 
(P > .05) was observed in dexamethasone-supplemented 
semen compared with control at any time. The results 
obtained after the 24-hour cooling period were not 
different (P >.05) between both groups for any parameters. 


3.3. Experiment 3 


The supplementation of semen extender with dexa- 
methasone did not lead to significant difference (P >.05) in 
the percentage of embryo recovery from resistant and 
susceptible post-breeding endometritis mares. Data are 
expressed in Figure 1. 





46,7 Control 


“Treated 


% Embryo Recovery 
> 
o 


Resistant Susceptible 


Fig. 1. Percentage of embryo recovery for postbreeding endometritis- 
resistant and susceptible mares. 
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4. Discussion 


In this study, dexamethasone showed the least harmful 
effects among the 15 SAIDs tested on sperm motility, and 
although its addition to equine semen extender caused 
a premature decrease in sperm velocities and motility, no 
difference was observed after 2 hours of incubation. 
Moreover, dexamethasone did not impair sperm viability 
after storage at 5°C for 24 hours or affect in vivo fertility 
in mares resistant and susceptible to postbreeding 
endometritis. 

According to Makler et al. [14], the acidity of the uterine 
environment is capable of immobilizing sperm cells in 
a reversible manner, whereas an alkaline environment 
appears to lead to an irreversible loss of sperm. In the same 
way, changes in the extracellular osmolarity can result in 
irreversible reduction of sperm motility, with hypo- 
smolarity being more deleterious than hyperosmolarity 
[14]. Nevertheless, although uterine pH can affect sperm 
motility, changes in osmolarity are much more harmful, 
leading to total immobility of the cells [15]. For equine 
semen, osmolarity and pH values range from 280 to 300 
mOsm/Kg and 7.4 to 7.6 [16], respectively, with no variation 
throughout the year [17]. It is well known that for equine 
spermatozoa, an ideal semen extender should present pH 
around neutrality, and an osmotic pressure near 250-400 
mOsm/Kg [16], as equine sperm shows low tolerance to 
variation in osmolarity [18]. 

In experiment 1, semen extender pH and osmolarity 
ranged from 6.63 to 6.95 and from 351 to 392 mOsm/Kg, 
respectively, after supplementation with one of the SAIDs 
tested. These results are within the values established as 
physiological [17] and in the osmolarity range established for 
equine semen [16]. For this reason, the remarkable reduction 
in sperm motility after the addition of the SAIDs, except for 
dexamethasone, cannot be attributed to variations in the 
extender pH and osmolarity. Perhaps other changes in the 
physical and chemical properties of the extender caused by 
the presence of the SAIDs, such as an interaction between 
the SAIDs salt and the extender components, could be 
responsible for the rapid decrease in sperm motility. In 
addition, it can also be assumed that an interaction between 
some of the SAIDs and the spermatic membrane could have 
occurred, with subsequent penetration of these drugs into 
sperm. Once inside the sperm cell, these SAIDs may have 
induced structural and functional changes, especially in 
sperm metabolism, resulting in loss of motility. 

It is noteworthy that the addition of dexamethasone 
also influenced the motility patterns of the sperm cell, 
although in a lesser degree compared with the other SAIDs. 
In this case, the reduction in sperm motion was first char- 
acterized by a decrease in all sperm velocities, followed 
afterward by a reduction in progressive and total motility. 
Despite these alterations, motion patterns such as ampli- 
tude of lateral head displacement, beat cross frequency, 
linearity, and STR remained similar to that in the control 
group, indicating that the type of movement exhibited by 
the spermatozoa was not influenced by the presence of 
dexamethasone. This fact could indicate that dexametha- 
sone did not induce alterations in the physical mechanism 
of motility, but instead may have caused changes in the 
energy metabolism pathway, which is essential for sperm 


motion. In this context, perhaps a state of equilibrium or 
the metabolism of the dexamethasone by the sperm cell 
could explain the return to normal motion characteristics 
after 2 hours of incubation. 

The interaction between dexamethasone and sperm 
cells, even after a 24-hour cooling period, was apparently 
not capable of inducing premature capacitation, as neither 
hyperactivation movement, characterized by an increase 
in curvilinear velocity (VCL) and amplitude of lateral head 
displacement, and a decrease in STR [19], nor acrosome 
reaction, indicated by an increase in FITC-PSA-stained cells 
[12], was observed in this study. 

The integrity of the plasmatic and acrosomal 
membranes is essential for the survival of spermatozoa in 
the female reproductive tract and to maintain their fertil- 
izing capacity [20,21]. In the viable sperm cell, PSA binds to 
the acrosome glycoprotein matrix and stains only those 
cells with reacted or damaged acrosomes, once PSA cannot 
penetrate the intact membrane [22,23]. For this reason, the 
combination of FITC—PSA can be used to verify the AMI. In 
the present study, dexamethasone was unable to affect 
the integrity of neither the acrosome nor the plasmatic 
membrane, even when sperm cells were submitted to 
a cooling period. 

In the spermatozoa, mitochondrial function can be 
assessed using the fluorescent probe JC-1, which analyzes 
the depolarization of the inner mitochondrial membrane 
[21] and allows the classification of sperm subpopulations 
exhibiting high, moderate, and low MMP. In addition, 
previous studies have reported a high correlation between 
the percentage of mitochondria presenting normal func- 
tionality and the percentage of motile and viable sperm 
[24,25]. Likewise, a relationship between mitochondrial 
function and motion characteristics has been observed in 
stallions [26,27]. In this trial, MMP classification was per- 
formed using a fluorescent microscope, and cells were 
counted as positively or negatively stained with JC-1; 
therefore, differences in staining intensities of the mito- 
chondria were not considered. In addition, because no 
difference was found at any evaluation time for the 
percentage of cells stained with JC-1 compared with 
control group, even in the presence of reduced sperm 
motility, which occurred in the first hour of incubation, 
a correlation between JC-1-stained cells and the fertilizing 
capacity of the sperm cannot be assumed. 

The ability of SAIDs to stabilize cell membranes, thereby 
reducing the release of inflammatory mediators, is observed 
in supra-pharmacological doses, but not in conventional 
therapeutic doses [28]. Thus, the direct contact between the 
sperm membrane and dexamethasone could lead to 
a stabilization of the plasmatic membrane, as dexametha- 
sone could impair the normal increase in membrane fluidity 
during the capacitation process. However, the data obtained 
in this study showed that the integrity of the sperm 
plasmatic membrane was not affected by dexamethasone. 
In addition, after Al with dexamethasone-supplemented 
semen, mares exhibited normal fertility. 

In this study, the embryo recovery rates of 73.3% and 
33.3% were found for postbreeding endometritis-resistant 
and susceptible mares, respectively, in accordance with 
previous observations that persistent inflammation of 
uterus, beyond 24 hours after mating, is harmful to the 
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fertility of the animals [8]. After dexamethasone supple- 
mentation, no difference was found in embryo recovery 
rates within resistant mares. For susceptible mares, 
although intrauterine use of dexamethasone allowed an 
increase of 40% in embryo recovery, no statistical difference 
was found, probably due to the reduced number of animals 
used in the trial. Unlike these results, Dell’aqua et al. [10] and 
Bucca et al. [11] observed an increase in fertility rates when 
animals were treated with SAIDs by the systemic route. 

The use of anti-inflammatory drugs in intra-articular 
treatments is useful to minimize the systemic effects of 
these drugs [29]; hence, perhaps the intrauterine use of the 
SAIDs could provide an alternative treatment. However, 
considering the fact that the intrauterine administration of 
antibiotics can result in higher incidence of bacterial 
resistance, endometrial irritation, and reduced neutrophil 
phagocytic activity [30], the effect of dexamethasone on 
the functional and physical integrity of the uterus needs to 
be investigated. 


5. Conclusion 


Based on these results, we concluded that the use of 
SAIDs, such as dexamethasone, diluted in semen extender, 
did not impair sperm viability and fertility after AI. For this 
reason, the intrauterine application of SAIDs to minimize 
postbreeding endometritis could be useful to provide 
better pregnancy rates with reduced side effects. However, 
further studies are necessary to elucidate the efficiency of 
dexamethasone in the immunomodulation of the uterine 
inflammatory response when infused directly into the 
uterus. 
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